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[Title of the Invention] 

A1N Sintered Body and Production Method Thereof 
[Abstract] 

[Object]" To provide an ALN sintered body excellent in a heat fatigue 
resistance while keeping a high-thermal conductivity. 

[Constitution]: An ALN sintered body controlled to have a specified structure 
of gr ain boundary phase with a composition consisting of YAG phase and 
YAP phase. 

[Claims] 

1. An ALN sintered body containing grain boundary phase, wherein 
the grain boundary phase in a cross -sectional face of the sintered 

body has: 

(a) an average circumferential length of 0.1 to 15 \xml 

(b) the ratio of the average minimum particle size and the average 
maximum particle size of 0.5 to 1.0; and 

(c) the ratio of the average particle size and the average particle size 
of A1N particles of 0.5 or less, and 

the grain boundary phase composition includes 3Y2CV5AI2O3 and 
Y2O3-AI2O3. 

2. A production method of an AlN sintered body, wherein 

when an addition amount of a sintering aid is "a" wt.% in terms of 



oxide Y2O3, an amount of oxygen contained in an oxygen content adjusting 
agent and A1N raw material powder after degreasing is "b" wt.% and an 
amount of carbon contained in a formed body after degreasing is V wt.% in 
a sintering aid of Y oxide and/or carbonate, the sintering aid is mixed with 
an A1N raw material powder, and the mixture is formed and fired so as to 
satisfy the following inequality- 

4.73b - 6.30c > a > 2.81b - 3.75c. 
[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to an A1N sintered body with 
high-thermal conductivity and excellent heat fatigue resistance 
characteristics. 
[0002] 
[Prior Art] 

Recently, owing to the rapid technical innovation in semiconductor 
industries, progress in high integration and high output power of large scale 
integration circuits such as ICs and LSIs is remarkable and with such a 
trend, the heat generation quantity per a package is rapidly increased, and 
therefore, the heat releasing property of a substrate material is considered 
to be important and beryllia that is excellent in the thermal conductivity is 
partially used as a substrate material in place of alumina; however, beryllia 
is highly toxic and problematic for handling. Consequently, as a substrate 
material subsituting for alumina and beryllia, A1N is now drawing 
attention. 
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[0003] 

A variety of applications with respect to sintered bodies using such 
as sintering aids for A1N sintered bodies and methods for their production 
have been applied and especially, in recent years, applications relevant to 
the methods for producing A1N sintered bodies with high-thermal 
conductivity and the structures and compositions of the grain boundary 
phases of the sintered bodies (e.g., JP Kokai Shd 62-52181, JP Kokai Sho 
62-171964, JP Kokai Hei 2-38369 and the like). Further, the 
microstructures affecting the thermal conductivity of A1N sintered bodies 
have been investigated [24th Resume of Basic Discussion on Ceramics, 
p.175 (1986), Journal of Ceramics 97 [12], 1478 (1989)]. Further, a finding 
with respect to a sintered body produced by using Ca(NOs)2 as a sintering 
aid that the grain boundary phases including sintering aid components are 
found to be spherical is disclosed in Journal of Ceramics 93[9], 41 (1985). 
[0004] 

[Problems to be Solved by the Invention] 

As described above, an A1N sintered body disclosed recently shows 
excellent thermal conductivity* however, when the heat generation quantity 
is increased attributed to high output power and high integration trend, the 
heat fatigue resistance such as heat cycle resistance property and the like 
becomes difficult to be assured and cracking takes place in a thin plate such 
as a substrate to result in a problem in a substrate circuit. Therefore, it is 
required to improve the heat resistance cycle property and it is an object of 
the invention to improve such a property. 
[0005] 
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[Means for Solving the Problems] 

The present inventors have made a variety of investigations in order 
to solve the above-mentioned problems and have found an A1N sintered body 
containing grain boundary phase, wherein the grain boundary phase in a 
cross-sectional face of the sintered body has- (a) an average circumferential 
length of 0.1 to 15 |im; (b) the ratio of the average minimum particle size 
and the average maximum particle size of 0.5 to 1.0; and (c) the ratio of the 
average particle size and the average particle size of A1N particles of 0.5 or 
less, and the grain boundary phase composition includes 3Y2O3-5AI2O3 and 
Y2O3-AI2O3, and a production method of an A1N sintered body, wherein when 
an addition amount of a sintering aid is "a" wt.% in terms of oxide Y2O3, an 
amount of oxygen contained in an oxygen content adjusting agent and A1N 
raw material powder after degreasing is "b" wt.% and an amount of carbon 
contained in a formed body after degreasing is V wt.% in a sintering aid of 
Y oxide and/or carbonate, the sintering aid is mixed with an A1N raw 
material powder, and the mixture is formed and fired so as to satisfy the 
following inequality: 4.73b - 6.30c > a > 2.81b - 3.75c. 
[0006] 

Herein, when the structure of the ALN sintered body using the 
sintering aid is observed, "grain boundary phases" as liquid phases obtained 
by which the sintering aid solidifies "ALN (crystal) grains" as oxide are 
covered on the A1N sintered body; however, the present inventors have 
found that a covering manner of the grain boundary phases and a state of 
existence of the grain boundary phases effect the thermal conductivity of the 
A1N sintered body and, also, is associated with the heat fatigue resistance 
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property such as heat resistant property of the A1N sintered body. 
[0007] 

As a result of the analysis of the A1N sintered body, it has been 
found that the heat fatigue resistance property of the A1N sintered body can 
be improved while the high-thermal conductivity being maintained by 
limiting the shape, size and composition of the grain boundary phases. 
That is, it has been found that in such an A1N sintered body, the grain 
boundary phases are small and spherical, and have a composition consisting 
of 3Y2O3-5AI2O3 (hereinafter, abbreviated as YAG) and Y2O3-AI2O3 
(hereinafter, abbreviated as YAP). 
[0008] 

The present inventors have found that an A1N sintered body 
excellent in the heat fatigue resistance property while keeping a 
high-thermal conductivity can be obtained by providing the following 
characteristics quantified as an average circumferential length in a 
cross-sectional face of grain boundary phases of the A1N sintered body is 0.1 
to 15 jxm; the ratio of the average minimum particle size and the average 
maximum particle size is in 0.5 to 1.0; and the ratio of the average particle 
size and the average particle size of A1N particles is 0.5 or less and that the 
grain boundary phase composition includes YAG and YAP. 
[0009] 

When the average circumferential length in a cross-sectional face of 
grain boundary phases of the A1N sintered body exceeds 15 ^m, the contact 
surface area with the A1N crystals becomes too high and significant cracking 
easily takes place in the grain boundary phases to result in deterioration of 
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heat fatigue resistance property of the sintered body and when it is less 
than 0.1 Jim, the thermal conductivity is adversely decreased. Also, when 
the ratio of the average minimum particle size and the average maximum 
particle size is less than 0.5 or the ratio of the average particle size and the 
average particle size of A1N particles exceeds 0.5, similarly significant 
cracking easily takes place in the grain boundary phases to result in 
deterioration of heat fatigue resistance property of the A1N sintered body. 
In the present invention, the grain boundary phases of the A1N sintered 
body exist in spherical state in grain boundaries and triple points and, thus, 
the size of the grain boundary phases and the contact surface area of the 
grain boundary phases with the A1N particles are extremely small 
[0010] 

Next, a production method of a sintered body of the present 
invention will be sequentially described in order of the steps and with 
respect to the factors other than the addition amount of a sintering aid and 
the relation of mixing ratios of oxygen amounts of an oxygen content 
adjusting agent and the like, that is, an A1N fine powder raw material, a 
binder and a raw material mixing method, a forming method, degreasing 
and sintering methods, manners, and their conditions are as those employed 
conventionally. 
[0011] 

As an A1N fine powder to be used as a main raw material, those with 
a purity of 95% or more, an average particle size of 20 jjm or less, preferably 
5 |im or less, a metal impurity content of 500 ppm or less, and an oxygen 
content of 4 wt.% or less are preferable. As a sintering aid that performs 



an important role in the present invention, Y oxide and/or carbonate is used. 
When an addition amount of a sintering aid is "a" wt.% in terms of oxide 
Y2O3, an amount of oxygen contained in an oxygen content adjusting agent 
and A1N raw material powder after degreasing is "b" wt.% and an amount of 
carbon contained in a formed body after degreasing is V wt.% in a sintering 
aid of Y oxide and/or carbonate, the sintering aid is, mixed with an A1N raw 
material powder, and the mixture is formed and fired so as to satisfy the 
following inequality: 4.73b - 6.30c > a > 2.81b - 3.75c and, in some cases, 
the oxygen content adjusting agent is mixed within the range which 
satisfies the above-mentioned inequality. The meaning of "after 
degreasing" will be described later. 
[0012] 

The addition amount of the sintering aid of the present invention is 
important to satisfy the above-mentioned inequality and preferably 2 to 10 
wt.%, more preferably 2 to 7 wt.%, in the total weight of the A1N raw 
material powder, the sintering aid and the oxygen content adjusting agent. 
When it is less than 2 wt.%, it takes a long time to obtain a dense sintered 
body and when it exceeds 10 wt.%, the thermal conductivity is decreased. 
[0013] 

The oxygen content adjusting agent in the present invention means 
an additive to be added so as to adjust the oxygen amount relevant to the 
above-mentioned inequality and alumina, AI2O3, an oxide of aluminum or an 
oxynitride of alumina may be used. When the above-mentioned inequality 
is satisfied and oxygen contained in the A1N raw material powder is 
sufficient, it is no need to add the oxygen content adjusting agent of such as 



alumina or the like. 
[0014] 

Further, when carbon is contained in a formed body before sintering, 
reaction with oxygen contained in the A1N raw material powder is caused, so 
that the addition amount of the sintering aid should be decreased or the 
above-mentioned addition amount of the oxygen content adjusting agent of 
such as alumina should be increased for the present invention. 
[0015] 

An A1N fine powder and a sintering aid are mixed by dry mixing 
manner or wet mixing manner using an organic solvent and the latter wet 
mixing manner is preferable since mixing can be well carried out. The 
mixed powder is further mixed with 3 to 15 wt.%, preferably 5 to 10 wt.%, of 
an organic binder such as a paraffin wax, polyvinyl butyral, ethylcellulose 
and the like and formed into a prescribed shape by proper forming means, 
for example, by a dry pressing method, a rubber pressing method, an 
injection method, an extrusion method, a doctor blade sheet forming method 
and the like. In the case of a die molding method, it is general to use a 
granulated powder. Also, in the case of an A1N sintered substrate, 
generally, a doctor blade method is employed for forming. In this case, it is 
common to mix an organic solvent, a dispersant of such as polyethylene 
glycol or the like, a binder of such as polyvinyl butyral, a plasticizer of such 
as butyl phtharylbutyl glycolate with an A1N raw material powder and a 
sintering aid, and form a thin raw sheet (a green sheet) from the mixture by 
the doctor blade method. 
[0016] 
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After forming, the formed body is subjected to degreasing treatment 
at 400 to 700°C in vacuum, N2, Ar or atmospheric air for 0.1 to 24 hours. In 
the present invention, "the carbon amount contained in a formed body after 
degreasing" in the case the amount of a sintering aid to be added is defined 
means the total carbon amount contained an obtained formed body after a 
formed body subjected to the foregoing degreasing treatment is heated at 
1300°C for 2 hours in non-oxidizing atmosphere or in vacuum. . The carbon 
amount is preferably 2 wt.% or less. Also, "the oxygen content contained in 
the oxygen content adjusting agent and the A1N raw material powder after 
degreasing" means the total oxygen amount contained in the A1N raw 
material powder and the oxygen content adjusting agent when both are at 
first heated at 400 to 700°C in vacuum, N2, Ar or atmospheric air for 0.1 to 
24 hours and successively heated at 1300*C for 2 hours in non-oxidizing 
atmosphere or in vacuum. 
[0017] 

After degreasing, sintering is carried out at 1700 to 2000°C for 0.1 to 
24 hours in -500 mmHg to 10 kg/cm 2 in vacuum or a non-oxidizing gas such 
as N2, Ar or the like. The grain boundary phases covering the A1N 
(crystals) grains of the A1N sintered body of the present invention obtained 
in such a manner as to exist in spherical form in grain boundaries or triple 
points and thus the size of the grain boundary phases and the contact 
surface area of the A1N grains with the grain boundary phases are 
extremely small. 
[0018] 

Further, the grain boundary phases containing the sintering aid 
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components of the A1N sintered body of the invention consist of YAG having 
a garnet type crystal structure and YAP having a perovskite type crystal 
structure. The quantitative ratio of them is preferably in a range 
satisfying the following: 0.1 < I (YAG)/I (YAP) < 3 wherein I (YAG) denotes 
the diffraction peak of YAG phase in plane index (5 3 2) at diffraction angle 
20 = 46.6° and I (YAP) denotes the diffraction peak of YAP phase in plane 
index (l 2 l) at diffraction angle 20 = 34.3° in observation by comparison of 
peaks of powder x-ray diffraction (Cu Kct: 40 Kv, 20 mAJ scanning speed of 1 
dcg/min) and in this case, the addition amount a wt.% of the sintering aid is 
preferably within a range satisfying: 4.31b - 5.75c > a > 2.88b - 3.83c. The 
"a", "b" and "c" in the inequality are same as defined above. With respect to 
the YAG phase and the YAP phase, when the oxygen amount contained in 
the aluminum nitride raw material powder is high as compared to the 
addition amount of the sintering aid of such as yttrium oxide, the YAG 
phase tends to be increased and the YAP phase tends to be decreased and in 
the opposed case, the YAG phase tends to be decreased and the YAP phase 
tends to be increased. 
[0019] 
[Examples] 

Hereinafter, the present invention will be described with reference 
to examples. 
Example 1 

At first, the contained oxygen amount and the contained carbon 
amount in a formed body after degreasing specifically defined in the present 
invention were measured in an A1N raw material powder to be used for 
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sintering. That is, 1 part by weight of polypropylene glycol and 5 parts by 
weight of polyvinyl butyral as binders for forming, 5 parts by weight of 
dibutyl phthalate as a plasticizer, and 27 parts by weight of butanol as a 
solvent were added to 100 parts by weight of a commercially available A1N 
raw material powder by an Al direct nitridation method (oxygen content: 1.1 
wt.%, average particle size: 1.5 |jm, Fe: 60 ppm, Si: 100 ppm, Mg: <30 ppm) 
and mixed by a ball mill pot made of nylon for 48 hours to prepare a slurry. 
After being vacuum defoamed, the slurry was formed into a sheet-like 
formed body by a doctor blade method and dried. The obtained sheet with 
a thickness of 0.75 mm was punched out into a 30 mm square shape and 
subjected to degreasing at 550°C for 6 hours in atmosphere. " The degreased 
sheet was further heated at 1300°C for 2 hours in nitrogen. The contained 
oxygen amount and the contained carbon amount in the heated formed body 
were found to be 1.4 wt.% and 0.04 wt.%, respectively. In this case, no 
oxygen content adjusting agent was added and polypropylene glycol and the 
like other than the A1N raw material powder was confirmed not to leave 
oxygen at 1300°C; therefore, the contained oxygen amount in the formed 
body after degreasing was equivalent as it is to the oxygen amount b wt.% 
contained in the oxygen content adjusting agent (in Example 1, not added) 
and an A1N raw material powder after degreasing as defined in the present 
invention. 
[0020] 

Next, the same amounts of the binders for forming, the plasticizer, 
and the solvent all same as those described above were added to 100 parts 
by weight of a mixed powder of the same A1N raw material powder mixed 
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with about 5 wt.% of Y2O3 (an ultrafine powder product manufactured by 
Nippon Yttrium Co., purity: 99.9%, average particle size: 0.4 |im) and a 
green sheet with a thickness of 0.75 mm was produced by a similar method. 
The obtained sheet was punched out into a 30 mm square shape and 
subjected to degreasing at 550°C for 6 hours in atmosphere. After the 
degreasing, 10 degreased sheets obtained in such a manner as to be coated 
with boron nitride fine powder, laminated on one another, housed in a 
container made of boron nitride and sintered at 1830°C for 16 hours in 
nitrogen current (N2 gas flow rate: 100 L/hr) under atmospheric pressure in 
a vacuum sintering furnace. In order to observe the structure or the like of 
the obtained sintered body, the sintered body was cut and the cut 
cross-section was polished and "the average circumferential length", "the 
ratio of the average minimum particle size and the average maximum 
particle size" and "the ratio of the average particle size of the grain 
boundary phases and the average particle size of A1N particles" in the grain 
boundary phases of the sintered body were measured. 
[0021] 

It was found that "the ratio of the average minimum particle size 
and the average maximum particle side" in the grain boundary phases was 
smaller than 0.5. That is, the shape of the grain boundary phases was 
found not to be spherical; therefore, sintering was carried out again at 
1825°C for 16 hours in nitrogen current. t The structure of the obtained 
sintered body was evaluated by similar methods and the results are shown 
in Table 1. Further, each sintered body was finely pulverized to obtain a 
sample for powder x-ray diffraction to measure the I (YAG)/I (YAP) value. 
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The apparatus employed for the measurement was Geigerflex RAD-2B 
manufactured by Rigaku Corporation and the main measurement conditions 
were as follows: 

target Cu Kot; 

voltage, electric current 40 kV, 20 mA; 

scanning speed 1 deg/min; and 

slits 1-0.3-1. 

[0022] 

Next, the surface of each sintered body was subjected to wet blast 
treatment to remove the sintering aid deposited on the surface. Silicon 
carbide abrasive grains of #320 were used for the blast treatment. Using 
the substrate subjected to the surface blast treatment, a copper-clad 
substrate with a size shown in Fig. 1 was produced by the following method 
and subjected to heat fatigue resistance characteristic measurement. As a 
bonding material for the copper cladding, a paste-shaped material was 
prepared by mixing 15 wt.% of a vehicle of hexanol containing 12% of 
ethylcellulose with 85 wt.% of a metal powder mixture of 84.5 parts by 
weight of a Cu powder with a particle size of 5 to 20 Jim- 14 parts by weight 
of a Ag powder with a particle size of 5 to 10 |im, and 1.5 parts by weight of 
a Ti powder with a particle size of 5 to 10 pm. The paste-shaped bonding 
material was applied in a thickness of 35 pm to each aluminum nitride 
sintered body by a screen printing method. In this case, the paste was 
applied only to the pattern portions in the circuit side and to the entire face 
of the heat sink in the heat sink side, respectively. Next, the coated 
aluminum nitride sintered body was dried and degreased at 600°C in profile 
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of 5 minutes and 30 minutes and a copper sheet was laminated to bond 
them by heating at 850°C for 5 minutes. Next, a resist was applied to the 
copper sheet surface in the circuit pattern side. The resist was applied by a 
screen printing method so as to wider by 200 Jim than the circumference of 
the portions to be patterns. Further, the resist was applied to the entire 
face of the copper sheet in the heat sink side. 
[0023] 

After the resist application, a ferric chloride solution at 39°C was 
sprayed to remove the unnecessary copper sheet portions to which no resist 
was applied and washing with water and drying were carried out to obtain a 
copper-clad substrate. Then, the obtained copper-clad substrate was 
subjected to the heat fatigue resistance characteristic evaluation. The heat 
fatigue resistance evaluation test was carried out by employing a heating 
and cooling method of heating to 400°C in 10 minutes from a room 
temperature in nitrogen atmosphere; keeping at 400°C for 5 minutes; and 
then cooling to a room temperature. The number of the cycles until the 
cracking took place in the sintered body was investigated. As a result, the 
heat fatigue resistance characteristic was found excellent as compared with 
that of a conventional one (the results of heat fatigue resistance 
characteristic evaluation are shown in Table 1). Further, the voids in the 
sintered body were measured by boiling the sintered body in water for 3 
hours and weighing the saturated water amount and the results are also 
shown together. The thermal conductivity of each sintered body subjected 
to the heat cycle test was measured by laser flash method and also shown in 
Table 1. 
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[0024] 
Example 2 

An A1N raw material powder was used which was obtained by 
pulverizing the A1N raw material powder with a purity of 99.9% same as 
that in Example 1 by a wet ball mill using alumina balls of 15 to 20 mm(|> in 
an aqueous solvent to an average particle size of 1.1 jxm. In this case, the 
oxygen content b value after degreasing was 1.8 wt.% supposedly attributed 
to contamination with AI2O3. A sintered body was obtained in the entirely 
same conditions as those of Example 1, except that the above-mentioned 
point and the sintering temperature was 1820°C (the retention time was 
same, 16 hours). The results of the structure of the sintered body, I (YAG)/I 
(YAP) value, the heat fatigue resistance characteristic and the like were 
measured and shown in Table 1. 
[0025] 
Example 3 

A sintered body was obtained in the entirely same conditions as 
those of Example 1, except that an un-pulverized A1N raw material powder 
with an oxygen content of 2.5 wt.% and the b value of 2.5 wt.% as well after 
degreasing (other average particle sizes and the impurity amounts were 
same as those of the raw material of Example 1) was used as the A1N raw 
material powder; the addition amount of Y2O3 was 6.2 wt.%; the degreasing 
conditions before sintering were at 680°C for 2 hours in vacuum (1 x 10" 1 
Torr); and the sintering temperature was 1825°C (the retention time was 
same, 16 hours). The characteristics and the like of the sintered body 
were shown in Table 1. 
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[0026] 
Example 4 

A sintered body was produced by the entirely same treatment as 
that of Example 3, except that the addition amount of Y2O3 was changed to 
be 5.8 wt.% and the characteristics and the like were obtained as shown in 
Table 1. 
[0027] 
Example 5 

A sintered body was produced by the entirely same treatment as 
that of Example 3, except that the raw material used was an un-pulverized 
A1N raw material powder with an oxygen content of 1.6 wt.% and the b 
value of 1.6 wt.% as well after degreasing and the addition amount of Y2O3 
was changed to be 3.3 wt.% and the results as shown in Table 1 were 
obtained. 
[0028] 
Example 6 

A sintered body was obtained in the entirely same conditions as 
those of Example 3, except that a commercially available A1N raw material 
powder by a reducing nitridation method (having oxygen content: 1.1 wt.%, 
the average particle size: 1.4 Jim, Fe: 60 ppm, Si: 30 ppm, Mg: <5 ppm) 
having the b value of 1.1 wt.% as well after degreasing; the addition amount 
of Y2O3 was 3.0 wt.%; and the sintering was carried out at 1825°C for 16 
hours in nitrogen and farther at 1805°C for 16 hours in nitrogen. The 
results shown in Table 1 were obtained; In the sintering stage at 1825°C 
for 16 hours, the obtained sintered body had the ratio of the average 
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minimum particle size and the average maximum p article size of 0.2 or less 
in the grain boundary phases, that is the particles of the sintered body 
include those which were not spherical and others with spherical shapes 
mixed together. 
[0029] 
Example 7 

A sintered body was produced in the entirely same manner as that of 
Example 3, except that the addition amount of Y2O3 was changed to be 8.7 
wt.% and a copper sheet w;as bonded to obtain a substrate. Then, the heat 
fatigue resistant characteristic of the substrate was evaluated in the same 
manner as that of Example 1. As a result, the heat fatigue resistance 
characteristic was found remarkably excellent unlike that of a conventional 
one (the results of the heat fatigue resistance characteristic evaluation are 
shown in Table 1). 
Example 8 

A sintered body was produced in the entirely same manner as that of 
Example 5, except that the addition amount of Y2O3 was changed to be 4.3 
wt.% and a copper sheet was bonded to obtain a copper-clad substrate. 
Then, the heat fatigue resistant characteristic of the substrate was 
evaluated in the same manner as that of Example 1. As a result, the heat 
fatigue resistance characteristic was found remarkably excellent unlike that 
of a conventional one (the results of the heat fatigue resistance 
characteristic evaluation are shown in Table 1). 
Example 9 

A sintered body was produced in the similar manner to that of 
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Example 1, except that the addition amount of Y2O3 was changed to be 5.5 
wt.% and a copper sheet was bonded to obtain a copper-clad substrate. 
Then, the heat fatigue resistant characteristic of the substrate was 
evaluated in the similar manner to that of Example 1. As a result, the heat 
fatigue resistance characteristic was found remarkably excellent unlike that 
of a conventional one (the results of the heat fatigue resistance 
characteristic evaluation are shown in Table 1). 
[0030] 
Example 10 

A sintered body was produced in the similar manner to that of 
Example 3, except that the addition amount of Y2O3 was changed to be 5.3 
wt.% and a copper sheet was bonded to obtain a copper-clad substrate. 
Then, the heat fatigue resistant characteristic of the substrate was 
evaluated in the similar manner to that of Example 1. As a result, the heat 
fatigue resistance characteristic was found remarkably excellent unlike that 
of a conventional one (the results of the heat fatigue resistance 
characteristic evaluation are shown in Table 1). 
Example 11 

A sintered body was produced in the similar manner to that of 
Example 3, except that the addition amount of Y2O3 was changed to be 8.5 
wt.% and a copper sheet was bonded to obtain a copper-clad substrate. 
Then, the heat fatigue resistant characteristic of the substrate was 
evaluated in the similar manner to that of Example 1. As a result, the heat 
fatigue resistance characteristic was found remarkably excellent unlike that 
of a conventional one (the results of the heat fatigue resistance 
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characteristic evaluation are shown in Table 1). 

[0031] 

Example 12 

As an oxygen content adjusting agent, 0.85 wt.% of a high purity 
alumina powder (purity: 99.9%, manufactured by Showa Denko K. K.) was 
added to 99.15 wt.% of the same aluminum nitride powder as that of 
Example 1, In this case, the b and c values after degreasing was 1.8 wt.% 
and 0.05 wt.%, respectively. The aluminum nitride powder mixed with the 
above-mentioned oxygen content adjusting agent was mixed with 6 wt.% of 
Y2O3 and formed, degreased, and sintered in the similar manner to that of 
Example 2 to obtain an aimed sintered body of the present invention. The 
precipitated agent phase in the surface of the obtained sintered body was 
removed and the heat fatigue resistant characteristic of a copper-clad 
substrate was evaluated in the similar manner to that of Example 1. As a 
result, the heat fatigue resistant characteristic was found excellent unlike 
that of a conventional one as shown in Table 1. 
[0032] 

Comparative Example 1 

A sintered body was produced in the entirely same manner as that of 
Example 6, except that the addition amount of Y2O3 was changed to be 4.5 
wt.% and the sintering temperature was changed to be 1805°C and the 
results shown in Table 1 were obtained. 
Comparative Example 2 

A sintered body was produced in the similar manner to that of 
Example 3, except that the addition amount ofY203 was changed to be 9.0 
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wt.%. Next, after the precipitated agent phase in the surface of the 
obtained sintered body was removed, the same paste-shaped bonding 
material as that of Example 1 was employed to bond a copper sheet and 
obtain a copper-clad substrate. Then, the heat fatigue resistant 
characteristic of the substrate was evaluated in the similar manner to that 
of Example 1. As a result, cracking took place in the sintered body in the 
first heating and cooling cycle to prove that the heat fatigue resistant 
characteristic was deteriorated (the results of the heat fatigue resistant 
characteristic evaluation are shown in Table 1). 
[0033] 

Comparative Example 3 

A sintered body was produced in the similar manner to that of 
Example 3, except that the addition amount of Y2O3 was changed to be 9.5 
wt.%. Next, after the precipitated agent phase in the surface of the 
obtained sintered body was removed, the same paste-shaped bonding 
material as that of Example 1 was employed to bond a copper sheet and 
obtain a copper-clad substrate. Then, the heat fatigue resistant 
characteristic of the substrate was evaluated in the similar manner to that 
of Example 1. As a result, cracking took place in the sintered body in the 
third heating and cooling cycle to prove that the heat fatigue resistant 
characteristic was deteriorated (the results of the heat fatigue resistant 
characteristic evaluation are shown in Table 1). 
Comparative Example 4 

A sintered body was produced in the similar manner to that of 
Example 3, except that the addition amount of Y2O3 was changed to be ^9*6 
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wt.% and the sintering temperature was changed to be 1850°C x 16 hr. 
Next, after the precipitated agent phase in the surface of the obtained 
sintered body was removed, the same paste-shaped bonding material as that 
of Example 1 was employed to bond a copper sheet and obtain a copper-clad 
substrate. Then, the heat fatigue resistant characteristic of the substrate 
was evaluated in the similar manner to that of Example 1. As a result, 
cracking took place in the sintered body in the third heating and cooling 
cycle to prove that the heat fatigue resistant characteristic was deteriorated 
(the results of the heat fatigue resistant characteristic evaluation are shown 
in Table 1). 
[0034] 

As being understood from the above-mentioned various results, 
those which maintained high thermal conductivity, and which showed good 
results in the heat cycle test were obtained in the examples but not obtained 
in the comparative examples. 
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[0036] 

[Effect of the Invention] 

The present invention provides an A1N sintered body which has not 
been made available before, that is, an A1N sintered body maintaining a 
high-thermal conductivity and excellent in the heat resistant cycle property. 
[Brief Description of the Drawings] 

Fig. 1(A) is a plane view showing a front face of a copper-clad A1N 
sintered body sample used for a heat fatigue resistant characteristic test, 
and Fig. 1(B) is a plane view showing a rear face thereof. 
[Explanation of Symbols] 
1: A1N sintered body 
2: copper sheet 
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[Fig.l] 




24 



(19)B*S4Si*JT (J P) (12)^H8#irf'4A$|x (A) (ll)«fHFa^MS# 

#18^6-219844 

(43)^gaa ¥JS 6*15 (1994) 8 3 9 Q 

(50 Int. CI. * fltJi'JK* /frtSItf FI &W«5*fgj3r 

C04B 35/58 104 D 



m&mX *ff^ fSt#JH©&2 OL (i7I) 



(21)tfciSI#*§- 11740 


(70'tBMA 


000002004 


(22)m@IB ¥J&5 4p(1993)lJ127B 




^fi5^ Af 1 1 T S 1 3# 9 # 




(72)f£BJ# 






(72) RW*. 






(74)ftgA 




(54) [Smv&m A 1 Nj»«#*J.k£WE-©«ift*Jfe 



(57) 

IBM] ffft£«*£IE&U B»«»«rttO«nfc 
A 1 Njftltflc6a$T«. 

*d»r*ttt>IC. ^<Djfa/££YAG*B*>«fctfYAP*B 
CUtAlNfiSJg*. 



( 2 

1 

(a) W-tZm-grfO. 1~1 5/tmT. 

(b) ¥^S/hSi¥^a^S©Jt^75<0. 5-1. 0 
T. 

(c) Ti^SIiA 1 N&<9¥^&S<£tt45#0. 5kt. 
TT$0. ^OK^*SififiX^3 Y, O, • 5 A 1,0,43 

.ttfY.o, - a l.o.^e^ut^atnA 1 N 

tttt*. 10 

[B**2] Y©&{t4&fc<ktf/£fcte^B£i£©&i£ 
©JW^&ft^Y, 0,^©T©^ffi)^^Dfi* awt%. 

iz-smztiz&mmzbvix. w.\zmr&<Dj$.m#> : P\z 
tttctiT^zfcm&zcvixtLrztziz 

4. 73b-6. 30c>a>2. 81b-3. 75c 

zffim.Tz>&o\zmwL&mmm** a 1 Nim#)*icg 

[5£l8©fW«tIftBJ3] 20 
[0 0 0 1] 

[0 0 0 2] 

o. i c ls i fr^m.mMmm^<Di^m 
"VJ u 7 ^nx^sat. "cu-.u ytt^ttiW* 30 

U 'J7IC#t>*S«^«*:bTA 1 N^aB^*Je>TV> 
-5. 

[0 0 0 3] A 1 Nft«#©Wffl*H:Ua&£LTtt*Sfl£ 

2-52 18 1. ttBMB 6 2- 1 7-1 9 6 4. flrHV 2. 
-3 8 3 6 9«) . A 1 N ICR 

irr»»»lC:3l»TfcC»5U5fcW*ftTI,>* [«2 4 40 

m^mmmtim^mmmp . 175(1986). B*-t 

75y^^1fl#^fBlft3tB9 7 [12] , 1 4 7 8 (1 
9 8 9) ) . B*-fe5 5y^^tB#**ISIfiXK9_ 

1 [9] , 4 1 (1 9 8 5) Ttt. ^ifeS)SiJ«i:LTC a 
(NO,) .fcffita.LT&SttttttlCfcUT, j&jgibSI/S 

[0 0 0 4] 



WH¥6 --2 1 9 8 4 4 
2 

Mt. &mm{tiz£z%.mmtfm±-?z>ii> mm*?** 

5. 
[0 0 0 5] 

*H*r'<<a**»U*:tMI. S#tSStf t5A 1 N 

(a) ¥-i%m&tf0. 1-lSumT. (b) ^fi/h 
S<t¥^fi±SOit^0. 5-1. OT, (c) 3JU£ 

sstA i N&co¥J$&sojt^a<o. 5wrao. 
aoKiiJMsi&fiW 3y,o, • 5 a 1 , o, *5<fct*Y, o, 

• A 1 ,0,fr£>tlZZ\£$:®Wl£.TZ>A 1 N 
HdU -?-©^iS^roifi0*tUTYcoKfl:tl*5«i:!y:/^ 

§si)0»£awt%. JKJB«lc«tt-&tt3R%ftDlttffJ«J:^ 

K«©j«»#«f ic$*anTv»*i»*** cwt % t 

ti*\Z 

4. 73b-6. 3 0 c>a>2. 8 1 b- 3. 75c 

&ms.-rz\k5izm&&mm&}&. AiNK*sM»*icfi 

[0 0 0 6] fcgN£0?FJ£ffl^fcA 1 NttttttOKJtte* 
S£. TAIN (tea) tij *ft»»»jW8sft:tt£l,T 

*<. A 1 N^^©Sie^iC®gS:2&{S-r<i:tt>IC, 
<h£jl.ttlL.fc. 

[0007] zn^^mrnvft^. fMMB®&tt. * 

t*5V^T«t^ffltt/hS<, S£#T-, fr-D^<D®.l&& 3 Y 
.O, • 5A1.0, (aTYAGt*Et*) *5«ttfY, 
O, 'Al.O, (WTYAPiLBSffi-r^) 

[0 0 0 8] -ttlS3e«a«UC*to-r4:A 1 NjfttS^Ctt' 
ffffiOfflBffffiKfcttStMMBCD^JaStfO. 1-15 
ubT. ¥J5ft/hS&¥J£**&0>tt*tt<O. 5-1. 0 
T, f^SScA 1 NfiOf^SgfflttWO. SKIT 
Tfct). *»-3-5-Oi6aB£7j<YAG*5«ttXYAP-C*«)C:<t 

fcA i N«ntffe»act6*Hw#ttjtuL&. 

[0 0 0 9] A 1 Nfttt*Ottfl^BOttW9£&tt-&tt 



( 3 ) ®m¥ 6-219844 

3 4 

<. ««#©S!R*##tt#fiTU 0. 1 un**T tLTmA2,Z£\ZTj.Z>. 

it. »fi#*jWSTL#*L<fcv». tMMS©¥ [0 0 15] A 1 Nfttd^&flHtlSbAI&OSdtt. fcit 

ttff«®¥*5&&&A i Ntte¥*4ttsejt*a<o. s <«£t*#*li». «£■ 

fciffl*«£H«fctW«lC:fc*te*SS£i;a<A 1 N t&sNlcJEfc. /^7-f>9y?7. 

«E»#OBS»**«rtt3fl<ttTr*. *5£9ITH:. A 1 N ;k X?JH:;i'D-;i«C!)*&/W>*'-£Bftt&3fcC 

«»#oa*ffittA 1 N«LOt4»^HajftlC«ttlC?5FaE *fU 3-1 5wt%. i?£L<te5~l Owt%gsiJPL 

U &JM§©*SS*j:tfA 1 Ntfc£tMMBi©J*«B T. aa«tJ«»¥R. 0l*.tfttSt:7V;*ft. 

[0 0 l 0) &lc*«E©jfett#©i6D*K:-3*iS*H 10 *fcJ:-3TBrJe©»«fcrit»r*. &aj«»ftT«ifttt 

a i Natfi^i^, n<<>#-m, MtxtcM^s jg^ns. mmmm. #>jx.7u>?y 

sm. fiK^te. m.m, o#*» 3-;M£©#«sj. #ut'-ji,:^7-ji^©/w>y 

^TjtSC«!:*t-C#5. SA 1 NB*W. Jfttt»JHlC«*U F?^-71/-K 

[0 0 11] ±I^^5A 1 NS8#)5|5tt&g9 5%&, • jttCT^S (^ 'J->->- b) £ifi£©d<-J&T& 

_t©¥*3*£S*< 2 0m mOT. ffSL < li 5 y m^T© -5. 

eSStL, ft*TttftItUTtt5 0 OppnCtTOt [0016] JtE£. N,, A r £ *:te*k*T 

©#. ££&3?l^W»£LT4wt%ktT©fc©7W? £ L 20 4 0 0 ~ 7 0 0 tT 0. 1 ~ 2 4B3ffllCTflftBg#l3£fT 

Ycom<m&£zf/&iz\zei&m.z8im-r2>tf> ain ig^© wm'&izz.<Di$.&ft<piz'smt<nT^2>mm 

U Y©Kfttt*J;tf/Sfcttl»**©«ISS&ffl£»<l: *fctt*ffi»H*+T i 3 0 ox:-? 2 mmmf&2 ft fz'& 

4&Y, O,&S^©&&8!)?»0*i&awt%. fl$£flg^t'*3 C:j£^#<pl;:-&*$nTt>* h-*^*-* 
»*S**«H8EJH*J:tfA 1 N + BJTteSEfc fcrottS. Z\<Dfcmmitft 

V»-5^**cwt%<hLfct^lC 3ji£SllSg?FJ*5«fctfA 1 N%mWi3itplZ<£1i2tlZ>mm 

4. 7 3 b- 6. 3 0c>a>2. 8 lb- 3. 7 5c *j ttt. AlNJgmiK^gllSSJfiJi*. 
Sr^S-r^-kPlC^SfiliSaSiJS, A1NM^5NICS 30 N f . ArStlJ^>fT4 0 0~7 0 01CT0. 

anssi^s^-rs. rjRjgaj ojjubk:-3v> isjiwti 3 0 ox;-z2mmixif*mmi>fttziz 

[0 0 1 2] *5£W<D&&&m<Dmiia&\*, _Li2fi©35:£ [0 0 17] JR»»,/l 7 0 0 ~ 2 0 0 0 tTO. 1 ~ 

*r*JBT* AlNRfMB*. & 2 4B«I:T. *2£*fcl4N,. Ar«flD#BMfctt#* 

^tt39*5iZ/K3S^fiSSfiSiJ©^gglC*fL. 2 ~ 1 0 ©-5 0 0mmHg~ 1 0kg/W (O^frTTt^rs. ±|E 

wt%^S0-r-5dt^«tO$fiL<. KlCjfSL^teHfc ■ Oi3l:L-TiS6ftfc*»MOA 1 NlttS#CDA 1 N 

LTli2~7wt%T'&*. 2vtX**^iftt$fe&ttft (jjgjf,) IfctH-sTUfclMMIM:. &JM»=»ji*l;:3M* 

S»*©l:ifiB3rlBJfcKU' 1 OwtXfciB*.* fcfcpffiU !K*ffl©****J:aCA 1 Ntt&ttJMS&0) 
CD&T&hlZZT- 40 tt«ffi»tt*fl|flC/hSl». 

[0 0 13] *»WlC*W«»***nS»Jttt. JifS [0 0 1 8} *%.BA0)A 1 NflHtttOttltt&airt 

T. 7^5:i9A©Kfl:*T**7\>U5}-A 1, O, YAG*i«k^D^A-1' hSeili^tnYAP _ 
liifftftf^ffll^. ±E©SC£»£U AlNIff £ns©*Jt£t&5|cXtt|5]3T (Cu Kb; 

»*4'©BlE*TJS0tltf7^'5±<¥©K***B»»l* 4 OkV. 2 0mA ; 7.** >Xtf- h* 1 deg/min)©fcf-£ 

8sflDL&<T i fe«fcU. itT'&Z>t, YAGtS, (5 3 2) ©0St^ 2 0 

[0 0 14] fc*Stt©fittB#*K:B3&a<£3;nT =4 6. 6° ©mtfrtf — ^J^cTS: I (YAG) <h, YA 

A 1 NR*4t»*»Cffr*SnT^*»*4:SJ6"r Pffi. ( 1 2 1 ) ©[!]#?£ 2 0 = 3 4 . 3 " ©13 

«©t. *»^©fc*ictt*tt«ia©*fti**«6T »rtf-i7ias*i (yap) t-r-si, 

*». ±E©7';i/5^-«©tt***BlfiE3W©SiiD«**«* 50 0. 1 <I (YAG) /I (YAP) <3 



( 4 ) 



6-21984 4 



5 



4. 3 lb- 5. 75c>a>2. 8 8 b- 3. 83 c 
T$5. unSOittpOa. b. cliSUSEOSStlHli: 
tiOT*5. YAGfStYAPffili, RfcY 9 h U 

{C^^nSK^»^#Vii:#ICYAGtS^itA. YAP 
tt#aM>U 2*©*l£rtCtiYAGtB#Mi!>U YAPtB 

[0019] 10 



i Nflmn* 'OR**** i • iwtx. f^mii. 5 

/z m v F e 6 0 ppm. S I 1 0 Oppa. Mg<3 0ppm)l 

2S-)\,2 7»gg|5£3!)D;t. ^--f □ ^tf-jt-s^y 
K-C4 8PfBU2g-&U Xy 'J-£IIBfiLfc. CC977'J 

MLftt&LiZ. tLT. (ISO. 7 5mlDT-^#e.n;t->— 
^£3 Omm<DmVl\Ztt*>tkg* *^*T5 5 CCICX 
6P*IH©ftfrTBU»Ljfc. Z.<DW.m# : £W.iZg.m i P\Z-C 
1 3 0 0*CT2B$KW^frTiD.^31Lfc. ^CDjJD&ia 

tn-fftl. 4wt%. 0. 0 4wl%T&^>it. 

s«-r*jBijiiftK*»*tts(6^«-»ifia mmm 1 t« 
[oo2o] ±$ztmcAiNmmwmzY,o 

, (B*-f y h'J*>Att«ata*«fi. *£&9 9. 9%, 
¥*3&&0. 4 Mm)^5wt%$r*DA7tg^t»*l 0 OS 

zf®Mz*ft?ti\z-z>^T%im£m-&inz.T. m&fc 

yjmzxm^O. 7 SmmcD2 r y->->-h£jtofc. # 
h£ 3 OnnAOlM'XfcJT'&ifc*. ^C^t^f «C 

2*«m*S»#LfcKKJgfl:fci ott«*ata.SMl: 

5lSfE(N f #7.Sftft 1 0 0 U y Hl/hr)*? 1 8 3 Ot-Cl 



20 



30 



40 



MI^BfgL. SE 



50 



[0021] &#ta© rJFisg/h&t^iSg^&cDit 

1 8 2 5-CT1 6*$|H|jfc»Lfc. ft&ttfcftfe&OIUtt 

U I (YAG) / I (YAP) ffiOiSSSrff^C-pfc. 
RAD-2B. JMffiftfr«5±ftt>O»4*oa0C!)*fr-C 

f—fvY Cu Ko 

«SSE 4 OkV. 2 0 mA 

T.*r>Xfcf— F ldeg/min 

X'JyK , 1-0.3-1 

[0 022] -a\z. m&&m#<D&w&ma:zr5x bs& 

7. h&giCtt. #32 OOKfcjr-f SRiSa'ttt^Lfc. 

■©Cut»*8 4. 5M*a$. tfc&*f'5~l p^mOAg|» 
*1 4SSSP. &S#5~1 0/zm©T i 1 . 51 

«SP2:S^Lfc^s^*8 5wt%tc. -r^-y-y— ^cpK 

n-i>y— <hLTXy\>HzJPD— 7.1 2%£BH£Lfcb? 
-iOUl 5wtXSffil*U ^-Xhtti: Lit *>©£*£{{! 

^lCXi7iJ->EnJ?iJi4$fiJ^LT3 5 um<om2\zmi6 
Lfc. COS. EKfi!ltt/^^->ffi7>ICO*. \i-his 

>i7m\t\i-b-»{/u±miz. *rti*timm*it. 

IC. 1&lBl,1t&{tT-J\,S.=LOAmm#t:6 0 0*CT5 
». 3 0 7>^n 7 r-f ;UTK«LI5l|gLT, fJH££Sfc 

rtf—XB&com&i.m.mizi'zST.b&mBi'fc. w*y' 

[0 0 2 3] hm^m, iS«3 91C«D||[flJB=H 

i43ffiia^i±. tstttia^&4ooti-ci o^t 

#SL. 4 0 0tTS»PW»UT. SS^SICM-Tio 

mftmiimzm^tz. -eux. tetemzt?? 

«»*fttffFfflili*tt* 1 ttt) . Sic, tt^ogia 



( s 

7 

![0 0 2 4] HJgfl|2 
Mmi £.mtA 1 NW*^IE«9 9. 9%<D15 
~2 0mni«f>©7;U5±#-;HCT7KrtJ«S^-;P5;U 

O.^Di^ewtSSTSS^t^fiSJiU 8 2 0*C 

mmi t±<mcfk^Tmm^mz. 

#tm%f<b&Mk. I (YAG) / I (YAP) fit. Hflft 

[0 0 2 5} mmmz 

*OT©A I NI^TSE^f ii<2. 5wt%T% 
flHJ&&CDb<tSt>2. 5wt%T*SA 1 NJg£M»3fc({lb<D 

MMfttfJtg (ixiO-'Torr) fcT6 8 0X:-?2i«m' 

Tft«jft4sj:VjManuu«i 8 2 5*c (ttMi*i eniBi 

[0 0 2 6] &K0I4 
Y,0,m*Pfi*5. 8wt%»CLfc££^t2||j&£0iJ3 fc 

[0 0 2 7] fHJ60S5 
4£&ftA 1 NJR»tt*T?»***T**«l. 6wt%T% flft 
ffi&Obttfc 1. 6wt*T££j££Y, 0,8sflDfia*3. 

[0 0 2 8] 8886 
a^ESifllttt J: SflrHi©AINK»t»* 1 .- 

lwtSg. 4 Mm. F e 6 Oppm. S i 3 Opp ' 

ou. Mg<5ppm) ;CJBiflg&©bflt*> 1. lwt%-e$>-5A 

1 8 2 5*CT-1 6 8IHI&. HlCgSit 

«f 1 8 o 5t:Ti 6&m&feLitz.t&n\*mmm3 1 
±<n*icu-«is#*iftD. aEib«*s»fc. is 

25tti 6ftHa&8ftKTt3gtt*tttMMiawi4 
tut. 

[0 0 2 9] *ig«nj 7 

8»lc88fctfls8U 8«S»fcLTS«£»fc. * ! 
LT. 8881 &n8KaH£®B8888tte88l' 



#!i§¥6-2 1 9 8 4 4 
8 

T) . 

888 8 

Y,0.82n.ft€4. 3wlXiLfcCtJiW. 888 5 <h 

88&&£i,T8fi9s$«8 

fc. •ftt. 8881 £ra&Kg£©8&8#&tfc£ff 

(ffitfc. *©8«, wmm&ftm>®.&\ztL<mi()T& 

KURD . 
10 888 9 

fc. -E-LT. 8881 t^«lcS«CDiH}»Mg^i£$|s|t 
8Lfc. -t©8». H&8##tefct£3l5l;:ft<ffi*T« 
nxusct^^fc (8&8#4$tt88*S8tt8 1 
\ZtHT) . 
[0 0 3 0] 888 10 
Y,0,888£5. 3*1% tLtzZLtSM-, 888 3 £ 
BI«Ccj»|t#«;'^«L. 8«£&£UT8!gDJigfc8 
20 fc. *LT. 8881 fc8«fc*«©888#8tt*ffF 

888 11 

Y, 0,mum& 8. 5wt5StL,fedi:^. 888 3 & 

fc. -E-LT. 888l£ffl$lc£«0B88#8tt€H 
iBbit. H»888ttt>«e8Kfe<SaT« 
ttTH* c ttfftfr^tz <»*%&#4*1£flFffittj|ll2* 1 

crd . 

[0 0 3 1] 888 l 2 

8881 tH-OSfl:7*Sr«>A»9 9. 1 5wt%IC 

89 9. 9%) 0. 8 5wt%£gsADLfc. d©«£. JK 
IB»lc*»t*b4JJ:«c©tttt. 1.8wt 
%, 0. 0 5wtS6T*ofc. JiEWK^ISS^J^^iOL 
fc8ffc7\»<5±OAt»3t!fc#LTY,0, 6wt*fcUD*. 

8882 &n«ica«. JR8. «E«b..*«WCDBMi: 

[0 0 3 2] itfefiaj 1 
^M6C«fr»T-Y,O a *jtaft«4. 5wt%tL, jKH 
©SSrl 8 0 5CT$«A£|»tttfiittfl6&&<ni; 

tt&m 2 

Y,0,«j!B«t9. Owt^iLfcrian. Sl^JSi: 



If ffitSJKttS 1 fc*D . 
[0 0 3 3] Jtttfti 3 

£». Jri»»3JHM *JU3 BB'T«MS#fc* 7 vZim. 



( 6 ) - 2 1 9 8 4 4 

10 

Y t O,8sjDtt£4. OvtJSStbfcCi:, *5.fctf j&igag 
. Sri 8 5 OTCX l 6Ur tLtzZt&>ft. USS^I 3 ip-Ht? 

JR. lll»»iW--f ^;P3@BTSlE^JC^7y^di|6± 
10 [0 0 3 4] J:E©H3^*fe»*J:D#j6>*J:3l;:* 

it. 
[0 0 3 5] 
[SI] 







Y 2 0 3 


























1 (YAG) 










fib 


A 6 




a £ 






1 (YAP) 










C«tJD 


(wt» 


(«t» 




It * 


tt * 




00 


»/■ • k) 


(■ft)" 


Sfel&flli 


1.4 


0.04 


5.0 


6. 1 


0.89 


0. 28 


1.11 


<1 


161 


18 




1.8 


0.05 


6.0 


2.5 


0.95 


0.18 


0. 30 


<1 


172 


> 20 




2.5 


0.48 


6.2 


4.7 


0.92 


0.24 


0.40 


<1 


167 


> 20 




2.5 


0.48 


5.8 


4.7 


0.95 


0.27 


2.50 


<1 


155 


> 20 




1.6 


0.48 


3.3 


7.3 


0.80 


0. 32 


0.50 


! i 


164 


15 


3R3E096 


1.1 


0. 33 


3.0 


12.5 


0.90 


0.44 


0.08 


i 


179 


12 


5fcfc«7 


2.5 


0.48 


8.7 


11. 1 


0.85 


0.36 


0.05 


<i 


180 


12 


£35038 


1.6 


0.48 


4.3 


14 5 


0.90 


0.46 


0. 10 


<i 


175 


10 




1.4 


0.04 


5.5 


0. 13 


0.88 


0,11 


1.81 


<i 


160 


15 


XftHlO 


2.5 


0.48 


6.3 


3.3 


0.92 


0.31 


12.50 


<i 


153 


13 




2.5 


0.48 


8.5 


7.4 


0.54 


0.35 


0.07 


<i 


177 


10 




1.8 


0.05 


6.0 


2.5 


0.94 


0. 19 


0.33 


<i 


174 


> 20 




1.1 


0.33 


4.5 


5.9 


0.83 


0. 52 


YAP, YAM* 
* tt tts 


<i 


185 


5 




2.5 


0.48 


S.O 


18.6 


0.30 


0.61 I 


YAP CO* 


<i 


166 


1 




2.5 


0.48 


' 9.5 


13.8 


0. 39 


0.3d 


YAP (0» 


<i 


150 


3 




2.5 


0.48 


4.0 






YAG (D* 


3 


100 


I 



*YAMti2Y 2 0 3 - Aje 2 0 3 T3**. 



[0 0 3 6] 

coffins A l'NftJSfr*fft&tl&. 
[EI®©(!B*^iftW] 

[01] »«feK*«rttK*lCttfflUfc««»0A 1 Nj£ 



40 tt#K»<0¥fl5BT*S. 

1 A 1 NjftttH* 
2 



(A) 3&««iB. (B) ftfftffl 



